SUMMARY Complex segregation analysis of plasma paroxonase activity gives evidence for a major locus with incomplete dominance (d = 0 70) causing high activity plus a background of multifactorial inheritance (heritability = 0 09).
The arylesterase paroxonase (EC 3.1.1.2) exhibits a genetic polymorphism with autosomal recessive inheritance of low paroxonase activity in plasma.1-4 Although the distribution of plasma paroxonase activity shows bimodality3 or even trimodality2 the different subgroups are overlapping. This could result from methodological errors in the analysis or from other random environmental effects. However, it is also of interest to search for residual family resemblance owing to incomplete dominance and polygenes.
This paper describes a reanalysis of 40 British families described by Playfer et a13 using complex segregation analysis.5 6
Materials and methods
The 40 nuclear families and methods of analysis of paroxonase activity have been described in detail before3 and are also given in the appendix. For the genetic analysis the actual activity measurements were used instead of grouping the activities into high and low (or high, medium, and low) which decreases the power to discriminate between different hypotheses.
Complex segregation analysis of a quantitative trait depends upon normality assumptions and in particular skewness may simulate a major gene.7 Before entering segregation analysis the skewness was removed using the power transform y -rp-[(xr-1+ 1)P --] where x is the standardised (to mean zero and variance one) paroxonase activity and r is a scale parameter introduced to insure that every (xr-1+ 1) is positive in the sample. It was taken equal to 6 here. The standardised paroxonase activity without skewness is y. The parameter p is estimated Received for publication 11 March 1982. by maximum likelihood using the computer programme SKUMIX8 and was estimated to 0 1128.
Complex segregation analysis was performed under the mixed model,5 6 where segregation at a major locus, an additive multifactorial transmissible component, with generational differences and a random environmental component contribute independently to phenotype expression of a continuous trait. The model involves seven parameters: U, mean liability; V, variance of liability; H, the childhood multifactorial heritability; HZ, the adult multifactorial heritability; q, gene frequency of the major locus; t, displacement owing to the major locus (measured in standard deviation units); and d, degree of dominance at the major locus (position of the heterozygous mean relative to the means of the two homozygous classes). Estimates of the parameters of the model are obtained by maximising the probability density of the observed phenotypes of the children conditional upon the phenotypes of the parents using the computer program POINTER.6 Since ascertainment was through the parents selection was taken as complete.
Results No significant sex difference for paroxonase activity was noted. There was significant evidence (X3 = 51-77, p<0.001) for commingling of two distributions, which suggests a major locus but is neither necessary nor sufficient for the existence of a major gene.
Likelihoods and estimates of the parameters under different sub-hypotheses of the mixed model are given in the table. There was no significant evidence for generational differences for multifactorial heritability (X2 = 273-16-272 88 = 0.28) and Z was therefore set to one in the remaining analysis. The evidence for a major locus is strong (x = 273 16-424
Genetics ofplasmna paroxonase activity Since segregation analysis gave support for a major locus using a p value for one distribution, the data were reanalysed using p= -0-984 obtained from SKUMIX assuming two distributions. This analysis would give more reliable estimates of the major locus parameters. However, the difference was minimal and the results of the second segregation analysis are therefore not given.
Discussion
There is good evidence that a major gene is involved in the regulation of plasma paroxonase activity. The characterisation of this gene has, however, been difficult.2-4 This is not surprising since the methods used have been inefficient. Dichotomising or trichotomising quantitative data only decreases the possibilities of making meaningful genetic analyses. Elaborate statistical analysis of a frequency distribution to show bi-or trimodality2 is not likely to give further insight into the genetics of a particular trait, since the presence of several modes is not sufficient evidence for a major gene. Today, only segregation analysis under the mixed model5 6 can incorporate and test for complications like incomplete dominance and multifactorial heritability.
For plasma paroxonase activity the major gene has an effect in the heterozygote (d = 0-705 
